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Fig 1. Illustration of Airbus A380 showing the components made from composite materials. 
1.1. The application of optical sensor in aircraft composite smart materials  
       The current technology of structural health monitoring (SHM) in composite materials is done using sensors 
especially optical sensors [6] and [7]. This is due to the fact that the traditional strain gauge is sensitive to 
lightning, current leakage and corrosion, whereby inaccurate reading will be shown. The main problem with 
sandwich composite is delamination between the core and the facesheet, and this failure occurs underneath the 
skin and cannot be seen with naked eye. Therefore, a smart material with embedded fiber bragg grating (FBG) 
optical sensor has been developed to monitor the delamination between the face-sheet and the honeycomb core. 
Takeda et.al [3] has been doing an extensive research in smart materials, damage detection using optical sensor 
[8, 9], health structural monitoring in aircraft honeycomb composite sandwich panel [10] and also the 
delamination of the face-sheet detection using FBG [11]. Other researchers have also been doing research on the 
aircraft composite structures monitoring using optical sensor. Riccio et.al [12] was conducting study on the 
stiffened composite panel, while Giurgiutiu et.al [13] were developing a smart structure with embedded optical 
sensor for better health monitoring. The recent development in the application of optical sensor especially fiber 
bragg grating can be seen through the works of Takeda et.al [9], Liu et.al [14] and also Giurgiutiu et.al [14]. K. 
Diamanti and C. Soutis had compiled the most recent works in structural health monitoring using optical sensor 
[15]. In Malaysia, FBG optical sensor is used to monitor a civil structure performance [16]. A fully operational 
airframe fatigue monitoring is conducted in Malaysia to its fighter airplanes although still based on strain gauges 
[17].  The works reported in this paper is part of an effort to make use FBG as part of the sensor system in 
aircraft structural integrity monitoring.  
The type of FBG sensor used in this research is an array of two sensors in a single optical fiber. It is 
identified with the wavelength grating of 1550 nm and 1555 nm each. An Optical Spectrum Analyzer, OSA, and 
FBG scanner were used to measure the signal wavelength of the FBG sensors. 
2. The objective of the paper 
The objective of this paper is firstly to describe the construction of a smart aircraft structure material, 
constructed from honeycomb core-carbon fiber facesheet sandwich composite panel embedded with fiber bragg 
grating (FBG) sensor; and secondly to characterize the wavelength signals of the FBG sensor before and after 
embedded in the composite sandwich panel. 
3. Theory of Fiber Bragg Grating (FBG) Sensors 
Fiber Bragg grating, which is an in-fiber component, consists of a periodic modulation of the index of 
refraction along the fiber core, as shown in Figure 2. FBG functions like a filter when a broad-band light is 
transmitted into the fiber core, reflecting light at a single wavelength, l,  and a single wavelength is filtered in 
the transmitted light spectrum. 
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Fig. 2. Schematic diagram of Fiber Bragg Gratings 
When there is a force exerted on the FBG, it will compress or expand, thus the grating spectral response is 
changed. The wavelength of the light source is related to the Bragg Grating period do through the equation 
below: 
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The strain dependence of the Bragg wavelength arises from the physical elongation/retraction of the sensor 
and the change in refractive index due to photoelastic effects. The wavelength shift due to axial strain can be 
obtained by equation below: 
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 coefficients are the Pockel’s coefficient of strain-optic tensor and  is the Poisson’s ratio. 
4. The construction of the smart sandwich panel with embedded optical sensor 
There were 14 specimens altogether prepared in this research. The specimen was a rectangular shape of size 
300 mm long by 200 mm wide and 20 mm thick. It was constructed from a 20 mm thick, 3.2 mm cell size 
Nomex honeycomb core, sandwiched between two plies of carbon fiber from Hexcel at top and bottom sides. 
The composite panel was impregnated with Hysol 9330 resin. The fiber bragg grating sensor was laid on 
between the plies of the carbon fiber on one side of the panel. The specimen was cured at 82.2 degrees Celsius 
for 90 minutes under 110 kPa of vacuum pressure using Heatcon curing system.  Figure 3 below shows the work 
flow of preparing the smart aircraft structure materials.  
Fig 3. The work flow process of preparing the smart aircraft structure 
The detail process in the workshop is shown in the Figure 4 below. The process was done in a controlled 
environment where the room temperature was kept at 25 degrees Celsius. The preparation and curing of the 
smart structure was done according to the airline standard procedures and in this case all specimens were 
constructed at Malaysia Airlines Composite Workshop at MAS Engineering Complex A at Subang, Malaysia. 
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